The purpose of the present study was to examine if there was a negative effect of caudal Zona Incerta deep brain stimulation (cZI DBS) on pharyngeal swallowing function in Parkinson's patients (PD). There are no former reports on swallowing and cZI DBS.
Introduction
Dysphagia is an important deficit in patients with idiopathic Parkinson's disease (PD) (1) , which notably increases the mortality risk 2 , and aspiration pneumonia caused by dysphagia has been reported to have the highest mortality rate among comorbidities in PD (2) . While the swallowing act can be divided into four phases (pre-oral, oral, pharyngeal and oesophageal), aspiration is mainly associated with deterioration in the pharyngeal phase.
Dysphagia affects quality of life, as even mild swallowing problems have psychosocial effects for patients with PD and their carers (3) . It is thus essential to take dysphagia into account when considering treatment alternatives (3).
The most common treatment alternative for PD patients is levodopa (L-Dopa) medication which improves the general motor symptoms (4) . However, the effect of L-dopa on swallowing function is yet not clearly elucidated (5) . Some studies report a slight decline in function (6) while others report small improvements (5, 7) . The risk of aspiration does not seem to be affected by L-dopa (5, 6) .
Deep brain stimulation (DBS) in the subthalamic nucleus (STN) is an established therapy
for PD but also the posterior subthalamic area (PSA) including the caudal Zona Incerta (cZI), has been suggested as an alternative target in PD (8) (9) (10) (11) (12) . Improvements in global motor function and in health-related quality of life are seen in STN DBS (13) (14) (15) (16) (17) . Similar improvements have been seen in cZI DBS (10, 11, 18 ) and a non-randomized sequential study has suggested cZI DBS to be more effective than STN DBS with regard to limb motor outcomes (11) .
The effect of STN DBS on swallowing function has been evaluated in a single study, using video fluoroscopy (19) . STN DBS improved some aspects of the pharyngeal stage of deglutition, while the oral stage was unaffected. Aspiration and penetration were evident both on and, to a larger extent, off stimulation, but without reaching significant levels (19) .
Dysphagia has further been reported in a few patients as a complication to STN DBS (13, 17, 20, 21) . In a long-term follow up study, dysphagia was also reported as an adverse effect to STN DBS surgery in 15% of the patients (22) . The effect of cZI DBS on swallowing function has not yet been described in the literature, apart from one case of transient dysphagia due to a misplaced electrode (18) . Considering this, it is of importance not only to evaluate the effects of cZI DBS on limb motor outcomes but also regarding swallowing function.
The purpose of the study was to compare postoperative (6 & 12 months) swallowing function, on and off stimulation, with a preoperative baseline in order to identify possible negative effects on swallowing function.
Materials and methods
Eight consecutive patients (six males, age 49 -71 years; median 62) undergoing bilateral cZi DBS for PD were included. . The selection for surgery was based on overall motor function and no consideration was taken to swallowing. The mean duration of disease was 6.1 ± 2. would have enabled separate evaluation of the effects of medication and stimulation on swallowing, was considered not ethically defensible due to the considerable discomfort.
The study was approved by the Regional Ethical Review Board in Umeå (08-0934M).
Testing conditions
Patients were evaluated pre-and postoperatively, at six and 12 months after surgery. At the preoperative assessment the patients were examined on medication (1.5 times the ordinary dose) and off medication (medications withheld for approximately 12 hours. The postoperative evaluations were performed within the optimal time in the patient's usual medication cycle, and with stimulation on and off (after 60 min of stimulation on and off, respectively) ( Table 1) .
Evaluation of swallowing
The Fiberoptic Endoscopic Evaluation of Swallowing (FEES) examinations were conducted using an Olympus ENF P4 transnasal flexible endoscope and a Wolf endocam 5502. The patients were asked to swallow a test meal consisting of one solid and four different liquid consistencies, all coloured with green dye, with each bolus size estimated as one tablespoonful (10 ml). The liquid consistencies were 50 ml water (C 1 ), 50 ml water and 5 ml jellification powder (C 2 ), 50 ml water and 10 ml jellification powder (C 3 ) and 50 ml water and 15 ml jellification powder (C 4 ), while the solid consistency (C 5 ) was a biscuit with a smear of C 4 on top. The order of consistencies in examination was primarily C 2 , C 3 , C 4 , C 1 and C 5 .
After the test meal, the patients were asked to evaluate their swallowing function, by putting a mark on a linear visual analogue scale, where one point represents 100%
functional swallowing while the other represents total loss of swallowing function. This was used as measurement of the percentage deterioration in swallowing function.
All video recordings were de-identified and randomly ordered before the swallowing function was scored according to a predefined protocol. Fifteen percent of the recordings were further evaluated by another author for interrater reliability. The protocol included
Rosenbeck's Penetration-Aspiration Scale (24) (scale range1-8 points), and a Secretion Severity Scale (25) (scale range 0-3). Pre-swallow spillage, pharyngeal residue and pharyngeal clearance were analyzed and evaluated according to Table 2 . In one of the patients, a small part of the video recording was lost and the missing scores were replaced by estimates from the research notes made during the FEES-examination.
The patients also answered a custom made questionnaire regarding Quality of Life related aspects of swallowing at three time points (before surgery, 6 and 12 months after surgery).
The questionnaire has seven items: 1) affected swallowing, 2) consistency modification, 3)
weight loss, 4) coughing when eating, 5) decreased mealtime pleasure, 6) sticky saliva/hemming and 7) drooling. Possible scores: zero to three points (the lower score the better function). At the commencement of the study no Swedish version of the validated SWAL-QOL 1.0 was available (26) .
Data and Statistical analysis
Prior to analyses, a mean Penetration/ Aspiration score from the five different food consistencies was calculated, in order to enable statistical comparisons concerning possible effects of testing condition. The scores from Penetration/Aspiration scale, pharyngeal residue, pharyngeal clearance and pre-swallow spillage were transformed so that the lowest score was always 0. E.g. a mean Penetration/Aspiration score of 0p meant that there was no penetration or aspiration for any consistency. The maximum possible transformed score for Penetration/Aspiration was 7p. Pharyngeal residue, pre-swallow spillage and clearance each had a full range of 0-1 and Secretion Scale ranged between 0-3.
Friedman repeated measures test by ranks was used to discover statistically significant differences between conditions with Wilcoxon signed rank test for pair wise post-hoc testing. A p-value <0.05 was considered as statistically significant.
Results
Group medians and means for the different swallowing scores in specified testing conditions are seen in Table 3 . Results from the Friedman test by ranks are also seen in the table. Brackets show significant post-hoc differences.
Preoperatively no significant differences were found between medication OFF and test dose L-dopa condition on any of the swallowing parameters (p>.05).
Preoperative and postoperative comparisons between test dose L-dopa and six months and 12 months postoperative stimulation ON and OFF revealed a significant reduction of preswallow spillage at six months in both ON and OFF condition (z=-2.27, p=.02, z= -2.047,
p=.04).
Postoperatively at six months no differences were found between stimulation ON and stimulation OFF conditions on the different swallowing parameters (p>.05). At 12 months postoperatively there was significantly more pre-swallow spillage in the stimulation ON condition than in the OFF condition (z= -2.070, p=.04). There was no significant differences for the other swallowing parameters (p>.05).
Individual descriptive data of Penetration/Aspiration score are presented in Table 4 .
Regardless of testing condition, the highest Penetration/Aspiration score noted in the group was 5p. The full range of the Penetration/Aspiration scale is 1-8p. No aspiration was observed in any patient.
Intrarater reliability was 95 % and Kappa scores for intrarater reliability and interrater reliability were .88 and .72.
Self-assessments
The self-reported assessments of percentage deterioration in swallowing function are presented in Table 3 . There were no significant differences between testing conditions (Table 3) . Similarly, there were no significant differences in the responses to the short questionnaire between the testing conditions ( Table 5) .
Discussion
There are no former reports on the effect of cZI DBS on swallowing function. The present study examined the effect of cZI DBS on pharyngeal swallowing function in a heterogeneous group of patients with PD. Even if the number of participants is acceptable
given the clinical population and the number of operations performed, the number is low and the results must be interpreted in light of this.
The main finding at the one-year follow up was that cZI DBS did not significantly increase the prevalence of penetration or aspiration, nor was there any increased occurrence of pharyngeal residue or decreased clearance due to the stimulation or the operation itself. This is of importance, as the data show that a cZI DBS therapy optimized for minimizing a patient's overall motor disturbances does not significantly impair these aspects of the swallowing function. This is essential in clinical practice, as patients with PD are often troubled by dysphagia (1), which both increases the mortality risk and affects quality of life (3, 27) .
Pre-swallow spillage, as a sign of uncoordinated oral and pharyngeal phase in PD patients, has been reported as a risk factor for aspiration (28) . In this report the oral phase was not evaluated. Pre-swallow spillage was the only swallowing parameter that was significantly affected by the surgery itself and by the stimulation. The surgery itself seemed to improve the pre-swallow spillage as the incidence of pre-swallow spillage was lower six months after the surgery in the stimulation OFF condition than in the test dose L-dopa condition.
At 12 months postoperatively the stimulation seemed to have a possible negative impact on the pre-swallow spillage as there was more pre-swallow spillage in the 12 months postoperative stimulation ON condition than in the OFF condition. However, the amount of pre-swallow spillage at 12 months postoperative stimulation ON did not differ significantly from the preoperative test dose L-dopa condition.
The results show a relatively low prevalence of penetration, and there was no observable aspiration in the studied group of patients with mean disease duration 6.1 ± 2.8 years.
However, in an earlier study it was shown that aspiration is evident mainly in the later stages of the disease (29) , and the latency of the onset of dysphagia might be up to 130 months (10 yrs) after onset of PD (30) . The patients in the present study were on the verge of this latency time, and hence may not yet have manifested such problems as aspiration.
The variability in the self-reported visual analogue scale assessment of swallowing function was large and no significant differences were found. Since neither the assessment of percentage deterioration in swallowing function nor the answers to the short questionnaire varied significantly among testing conditions it can be said that for patients in the current study cZI DBS did not alter the subjective experience of swallowing related aspects of quality of live.
In the studied group somewhat limited by low numbers and with mild to moderate preoperative swallowing divergences we conclude that cZI DBS did not have a negative outcome on the swallowing function. It is important to confirm these findings using larger materials, and to evaluate the impact of cZI DBS in later stages of the disease, where swallowing might be more severely affected, and perhaps more liable to external influence in the form of DBS surgery. 
